Abstract. Based on molecular dynamics and Monte Carlo simulation, the distribution of chemical elements near free surfaces of various crystallographic orientations in high-entropy CoCrFeMnNi alloys was investigated. It is shown that for studied stoichiometric compositions of the alloy it has a different character and differently affects the mechanical characteristics and the defect structure of alloys subjected to uniaxial tension. This is due to the different influence of each element on the elastic modulus of the alloy. Segregation has a greater effect on the Young's modulus and elastic limit for Co30Cr30Fe10Mn10Ni20, while the resulting defect structures have more differences for Co10Cr10Fe30Mn30Ni20.
Introduction
The study of the structure and behavior of high-entropy alloys (HEAs) during thermal and mechanical influences is one of the most relevant topics of modern materials science [1] , due to their outstanding physical and mechanical properties compared to traditional alloys [2] . HEAs with equiatomic composition are most often studied, since they are considered to be more thermodynamically stable due to the maximum configurational entropy [3] . At the same time, HEAs with a non-equatomic composition also remain stable and often have better properties. Therefore, the search for new stoichiometric compositions of HEAs is an urgent material science problem [4] . In view of the complexity of a HEA, it is very important to preserve the stable alloy structure and to study the characteristics of the segregation of chemical elements and the formation of new phases that can reduce the performance of the material. Today, CoCrFeMnNi HEAs are characterized by high physical and mechanical properties and have great potential for their improvement [5, 6] . The atomic mechanisms of the redistribution of chemical elements in it, as well as the effect of the stoichiometric composition on them, remain largely unclear. To solve this problem, the most effective approach is the computer simulation based on the molecular dynamics method, which explicitly takes into account the atomic structure of the material and allows simulating the behavior of the material under extreme loading conditions [7] [8] [9] [10] . The purpose of this work is to elucidate the effect of chemical element redistribution on the characteristics of the plastic deformation nucleation in the CoCrFeMnNi HEA of different stoichiometric composition within the framework of molecular dynamics simulation.
Simulation details
The temperature of the samples was 300 K. The crystallites had dimensions of 10×10×10 nm. Periodic boundary conditions were used along two directions, and a free surface (001), (110) [11] . To describe the interatomic interaction in CoCrFeMnNi, many-body potentials [12, 13] were used, which were constructed in the framework of the modified embedded atom method [14] . As in [15] molecular dynamics and Monte Carlo (the Metropolis algorithm) methods were used together in the simulations for the relaxation of samples. In this approach, randomly selected atoms of different types are swapped with the probability determined by the change in the energy of the system and temperature, and the relaxation of the structure of the material is carried out within the framework of the molecular dynamics method [16] . Samples with a random distribution of chemical elements and samples after relaxation by molecular dynamics and Monte Carlo methods (after segregation of elements) were considered to elucidate the influence of segregation on mechanical behavior of HEAs. Two stoichiometric compositions of the alloy, Co10Cr10Fe30Mn30Ni20 and Co30Cr30Fe10Mn10Ni20, with significantly different concentrations of chemical elements were chosen. The identification of the local type of the crystal lattice was carried out on the basis of an algorithm that determines the symmetry of the nearest environment of each atom of the sample -Common Neighbor Analysis (CNA) [17] . According to the CNA analysis, the twin boundary and the intrinsic stacking fault in the fcc lattice are determined as one and two layers of atoms with the hcp symmetry of the nearest environment, respectively. The structure of the loaded samples was visualized in the OVITO [18] package.
Results and discussion
It was found that redistribution of chemical elements occurs near the sample surface. For both compositions of the samples Mn goes to the free surface. At the same time, the Fe content decreases by an amount approximately comparable to the increase in the fraction of Mn in the surface layer, figure 1(a). Cr concentration slightly increases in the sub-surface region and decreases significantly on the surface of the crystallites, however, the average value does not change in the region of 7Å thickness. Ni content for the (001) and (110) surfaces decreases, while for (111) surface it increases, figure 1(b) . The fraction of Co changes oppositely to Ni fraction, so that the total content of Ni and Co remains approximately constant, figure 1(c). After segregation of chemical elements, the elastic limit and Young's modulus decrease for Co30Cr30Fe10Mn10Ni20 alloys, and the elastic limit increases for Co10Cr10Fe30Mn30Ni20 alloys with (001) and (110) surfaces, figure 2. This is due to the fact that different elements affect the Young's modulus of the alloy differently and are differently distributed near the surface. In this case, structural defects nucleate on the surface of the samples. As shown by previous studies, Cr and Fe reduce the Young's modulus of CoCrFeMnNi HEAs, and Co and Ni increase the modulus [15] . Since the total fraction of Ni and Co near the surface of samples of both compositions does not change after segregation of elements, and the Fe content decreases more significantly for Co10Cr10Fe30Mn30Ni20, the effective Young modulus on its surface increases, which leads to an increase in the elastic limit. The decrease in the Even for different initial distributions of chemical elements loaded samples with the given free surface orientation and stoichiometric composition are characterized by a certain type of nucleated structure defects. However, different initial distributions of chemical elements result in different number, size and position of defects. Segregation of chemical elements on the free surface affects these quantities. Moreover, this effect is different for considered stoichiometric compositions. Figure 3 show the fraction of atoms with hcp symmetry of the nearest environment in the samples with the (001) surface stretched by 20%. This value is calculated for all atoms corresponding to intrinsic stacking faults and bands with hcp lattice; atoms lying on twin boundaries were excluded from the calculation. As can be seen from figure 3(a) , the fraction of hcp atoms is higher for samples Co10Cr10Fe30Mn30Ni20 after segregation, which is expressed in greater thickness and number of hcp bands in these samples, figures  4 (a,b) . On average, the fraction of hcp atoms does not change before and after segregation for Co30Cr30Fe10Mn10Ni20 samples, however, there is a smaller scatter for samples with segregation, figure  3(b) . The weak effect of segregation on the fraction of hcp atoms in the Co30Cr30Fe10Mn10Ni20 samples is due to the fact that twinning is the main mechanism of deformation of these alloys, figures 4 (c,d) . 
Conclusions
Within the framework of molecular dynamics and the Metropolis Monte Carlo methods, the effect of segregation of chemical elements near the free surface on the features of nucleation and development of plastic deformation under uniaxial tension of high-entropy CoCrFeMnNi alloys of different stoichiometric composition is investigated. It was found that a redistribution of almost all chemical elements of the alloy occurs near the sample surface. For the considered alloy compositions, the Mn fraction on the surface increases, and the Fe content decreases by about the same value. The average Cr content does not change. Co and Ni fractions change opposite to each other. The redistribution of elements leads to a change in the elastic limit and the Young's modulus compared to samples with a random distribution of the elements. Moreover, it has a different effect on these values for different stoichiometric compositions. After segregation of chemical elements, the elastic limit and Young's modulus decrease for Co30Cr30Fe10Mn10Ni20 alloys, and the elastic limit increases for Co10Cr10Fe30Mn30Ni20 alloys with (001) and (110) surfaces. The effect of chemical element segregation on the defect structure of Co30Cr30Fe10Mn10Ni20 alloys with the (001) surface is insignificant: the main mechanism of plasticity under tension is twinning, both before and after segregation. In Co10Cr10Fe30Mn30Ni20 alloys with the (001) surface and random distribution of chemical elements, twins and bands with a hcp structure are formed under tension. After segregation the majority of defects is bands with hcp structure. 
